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VENTING CHARACTERISTICS OF GASEOUS HELIUM AND NITROGEN DISCHARGING
INTO A FREE STREAM AT MACH NUMBER FROM 0, 60 TO 1. 57
by Albert L. Johns and Merle L. Jones

Lewis Research Center

SUMMARY

An experimental program was conducted in the Lewis Research Center 8- by 6-Foot
Supersonic Wind Tunnel to compare the effects on discharge coefficient of venting gas-
eous helium and gaseous nitrogen into the free stream. The test was conducted from
Mach 0.60 to 1. 57 with the vent mounted in a flat plate. The plate was strut mounted to
the tunnel ceiling and at a 0 angle of attack. The gases were discharged from a plenum
chamber through a 2. 54-centimeter (1.00-in. ) diameter vent,

The test was conducted to provide data for the design and analysis of the Titan/Cen-
taur launch vehicle compartment vent system. The ratio of boundary-layer thickness to
vent diameter varied from a maximum of 1.34 at Mach 0.60 to a minimum of 0. 55 at
Mach 1.37. The vent discharge coefficient decreased with increasing free-stream Mach
number up to Mach 1.37 and then increased slightly. In most cases, the vent discharge
coefficient for nitrogen was slightly higher than that for helium at the same local static-
pressure o plenum-pressure ratio. But for practical application the differences in dis-
charge coefficient were insignificant. In addition, the variation of discharge coefficient
with jet to free-stream mass flow ratio indicated that the flow coefficient with helium
was more sengitive to changes in mass flow ratio for the range studied.

INTRODUCTION

During ascent through the atmosphere, several compartments in the Titan/Centaur
launch vehicle are vented overboard into the free stream. The venting during this por-
tion of the flight must be controlled in such a way that the compartment walls are not ex-
posed to excessive crush or burst pressures. In designing a vent system that will meet
this requirement, consideration must be given to the phenomenon that occurs at the vent
outlet when the vented gas impinges the air stream moving over the surface of the vehi-



cle. The interaction of the exiting jet with the external flow creates a separated flow at
the vent exit. This results in a local external pressure higher than that which would ex-
ist without the vent flow. Inasmuch as the vent flow rates are directly related to the
pressures at the vent outlets, the need to include the effects of the exiting-jet - free-
stream interaction in the vent system design is obvious.

Some work has been done to investigate this phenomenon using air as the vented gas
(e.g., refs. 1to 6). Ina practical application of the results of the investigation, the in-
+ creased external pressure, with resulting lower vent flow rates, is expressed in terms
of a reduced vent flow coefficient. Because one of the vented compartments in the
Titan/Centaur launch vehicle, the hydrogen tank/shroud annulus, contains gaseous heli-
um, the present test was conducted to determine the difference, if any, in the effective
flow coefficient when venting helium and nitrogen. Any differences can then be applied
to the existing data for vented air. It is assumed that there are no differences in flow
coefficients for air and nitrogen because of the similarity of physical constants between
these two gases (ref. 7).

The test was conducted in the Lewis Research Center 8- by 6-Foot Supersonic Wind
Tunnel over a range of Mach numbers varying from 0.60 to 1.57. The vent plenum was
attached to the aft end of a boundary-layer plate which was strut mounted from the tunnel
ceiling and at 0° angle of attack. The gases were discharged through a 2. 54-centimeter
(1.00-in.) diameter vent located on the underside of the plate.

SYMBOLS
k vent discharge coefficients based on ideal one-dimensional flow rate which
assumes static pressure obtained from a point on plate surface ahead of vent

M0 free-stream Mach number
P; /pO local statlc to free-stream static pressure ratio

p, 3/ PP plenum pressure ratio; ratio of local static pressure on plate forward of vent
-
and away from jet - free-stream interaction region to plenum pressure

r mass flow ratio (jet to free stream); ratio of measured vent mass flow of air
through stream tube at free-stream conditions with cross-sectional area
equal fo vent area

Vl/ V0 velocity ratio (local velocity to free- stream veloéitjr)

x/d pressure tap spacing ratio (axial distance from center of vent to vent diameter)

y normal distance from plate surface



y/8 ratio of normal distance from plate surface to boundary-layer thickness

0 boundary-layer thickness; height of boundary layer where local velocity becomes
99 percent of free-stream velocity

o* displacement thickness; measure of deficiency in mass flow through boundary
layer as result of stream having been slowed by friction

8 momentum thickness; thickness of free-stream flow necessary to make up defi-
: ciency in momentum flux within boundary layer

APPARATUS

The boundary-layer plate installation in the wind tunnel is shown in figure 1. The
plate was strut mounted to the tunnel ceiling with the plenum chamber attached to the aft
end (fig. 1(b)). Gaseous helium and nitrogen were supplied from trailers at high pres-
sure and reduced through a series of regulators to the plenum chamber.

The plate was 172. 72 centimeters (68. 00 in. ) long and 88.90 centimeters (35. 00 in.)
wide with a thickness of 2. 54 centimeters (1.00 in. ) (fig..2(a)). The centerline of the
vent was 114. 30 centimeters (45.00 in. ) from the leading edge of the plate. The
boundary-layer rake was 114. 30 centimeters (45. 00 in. ) from the leading edge and 16. 51
centimeters (6. 50 in. ) from the plate centerline. Details of the plenum chamber are
given in figure 2(b). Two baffle plates were located in the upper part of the plenum
chamber to smooth the flow. The vent was 2. 54 centimeters (1. 00 in. ) in diameter and
3.03 centimeters (1.20 in.) thick, I

TEST FACILITY AND INSTRUMENTATION

- A schematic view of the boundary-layer plate and plenum chamber installation in the
wind tunnel is shown in figure 3. The plenum chamber was mounted to the aft section of
the mounting strut and contained the gas supply line. The flow system schematic diagram
is shown in figure 4. A venturi with a 3. 495-centimeter (1. 376-in. ) maximum diameter
and a 2. 032-centimeter (0. 80-in. ) diameter throat was used to measure the gas flow.
The two gases were in a parallel system upstream of the venturi; that is, from the ven-
turi to the plenum chamber, the system was common to both gases.

Details of the plate instrumentation are shown in figure 5(a), and boundary-layer
rake details are given in figure 5(b). The rake contained six probes and was 16. 51 cen-
timeters (6. 50 in, ) from the center of the plate. The vent was located at the same axial
position as the rake but along the centerline of the plate. The internal instrumentation of



the plenum and that in the vicinity of the vent are shown in figure 5(c). Pressure tap
spacing is shown on the table in figure 5(c).

RESULTS AND DISCUSSION

The boundary-layer velocity profiles measured 114. 30 centimeters (45,00 in. ) from

"the leading edge of the plate and 16.51 centimeters (6. 50 in. ) from the centerline are
shown in figure 6 over the Mach number range tested. The velocity profile was used to
obtain the boundary-layer thickness, which is defined as the height at which the local
velocity becomes 99 percent of the free-stream velocity. Nondimensionalized boundary-
layer profiles are shown in figure 7. The boundary-layer, displacement, and momentum
thicknesses are presented in figure 8 for the Mach number range tested. The ratio of
boundary-layer thickness to vent diameter varied from a maximum of 1. 34 at Mach 0.60
to a minimum of 0. 55 at Mach 1. 37.

A comparison of the effect of free-stream Mach number on the vent discharge coef-
ficients for helium and nitrogen is presented in figure 9 at a plenum pressure ratio of
0.80. The discharge coefficient decreased with increasing Mach number up to MO =1.37
for both gases. However, the boundary-layer thickness decreased concurrently over
this Mach number range (fig. 8). A slight increase in discharge coefficient occurred -
beyond Mach 1. 37, )

The discharge coefficient for nitrogen was approximately 2 to 4 percent higher than
helium over the Mach range tested.

Variation of vent discharge coefficients with the plenum pressure ratio is shown in
figure 10 for the Mach number range investigated. The plenum pressure ratio P, ’ 3/Pp
is based on a static pressure located upstream of the vent and away from the interaction
of the vented gas and the free stream to the plenum pressure, This static pressure is
about equal to free-stream static pressure and is also free from local disturbances (to
be discussed later). ‘In general the discharge flow coefficient for nitrogen was slightly
higher than that of helium but by an insignificant amount for practical application. The
trend for both gases was a decreasing discharge coefficient with increasing plenum
pressure ratio p, 3/P : :

The pressure distribution along the centerline of the plate, that is, upstream and
downstream of the vent, are shown in figure 11. Data are shown for helium and nitrogen
at selected plenum pressure ratios of 0.60 (fig. 11(a)) and 0. 80 (fig. 11(b)). Data are
also shown for no vent flow conditions to give a direct comparison of pressure deviations
that are caused by the open vent. As expected, there is'a rise in pressure upstream of
the vent caused by the interaction of gas and free-stream flow. On the downstream side
of the vent the pressure is considerably below Pg- A more detailed discussion of jet



interaction is given in reference 8. The foregoing effects are dependent on the plenum
pressure ratio (mass flow) as can be seen from the comparison of figure 11(a) and (b).
The lower the plenum pressure ratio p 1, 3/ Pp (higher mass flow), the more pronounced
the compression (upstream) - expansion (downstream) region in the vicinity of the vent,

The plate pressure distributions 16. 51 centimeters (6. 50 in. ) off the centerline of
the plate are presented in figure 12 for no vent flow conditions. The data with vent flow
showed no differences in pressure distributions. A localized disturbance (with respect
to the direction of free-stream airflow) occurred on the plate from MO =1.00to 1.57.
This disturbance affects the static pressure used in computing the plenum pressure ratio
at M0 =1,20. At this Mach number the second pressure tap (from the leading edge of
the plate) rather than the third pressure tap was used in the computation. At M0 =1.37
the disturbance is in the vicinity of the vent and probably had an effect on the discharge
of gases.

Variation of vent discharge coefficients with jet to free-stream mass flow ratio is
shown in figure 13. The free-stream mass was computed based on a stream tube area
equivalent to that of the vent area. The mass flow ratio varied from 0.03 (M0 =1.56) to
0.95 (M0 = 0.60). At low values of jet to free-stream mass flow ratio, the vent discharge
coefficient increased rapidly for both gases. At the higher mass flow ratios this varia-
tion in discharge coefficient is not as pronounced. In addition, at the low values for
mass flow ratio, the vent flow coefficient for helium was significantly higher than that of
nitrogen.

SUMMARY OF RESULTS

An experimental investigation was conducted in the Lewis Research Center 8- by
6-Foot Supersonic Wind Tunnel to compare the effects on discharge coefficient of venting
gaseous helium and nitrogen into a free stream. The test was conducted from Mach 0.60
to 1. 57 with the vent mounted in a flat plate. The plate was strut mounted to the tunnel
ceiling at a 0 angle of attack. The gases were discharged through a 2. 54-centimeter
(1.00-in.) diameter, 4.049-centimeter (1.594-in.) thick vent located on the underside of
the plate. The boundary-layer thickness to vent diameter varied from 1. 34 at M0 = 0.60
to 0.55 at M, = 1.37. The mass flow ratio varied from 0. 03 (MO =1.57)to 0.95
(MO = 0.60).

The following observations were made:

1. In general, the vent discharge coefficient for nitrogen was slightly larger than
that for helium at the same plenum pressure ratio. But for practical application the dif-
ference in discharge coefficient was insignificant.

2. With a constant value of the plenum pressure ratio (local static to plenum pres-



sure) the vent discharge coefficient decreased with increasing free-stream Mach number
up to Mach 1. 37 and then increased slightly.

3. The vent discharge coefficient increased rapidly with the jet to free-stream mass
flow ratio, for values of mass flow ratio less than 0. 15.

Lewis Research Center,
National Aeronautics and Spaée Administration,
Cleveland, Ohio, November 7, 1973,
501-24.
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